Abundant electric-log and hydrologic data on the gulf coast area of the United States are available for study and analysis to aid in understanding the relations between hydrologic and geologic factors and delineating the potential for ground-water development. The relations between hydrologic and geologic factors in aquifers can more accurately indicate the ground-water potential if they are studied on a regional basis. Therefore, a study of the formations of the Claiborne Group of Eocene age was begun in early 1961. The initial phase of this study describes and evaluates the relations of stratigraphy, structure, facies development, and depositional controls to the hydraulic characteristics of the Sparta Sand in parts of Arkansas, Louisiana, Mississippi, and Texas ( fig. 1) . Similar reports will be prepared for the Cockfield and Cane River Formations.
Both electric-log data on oil and gas wells and on test wells and hydrologic data were used to prepare the geologic and hydrologic maps. The electric-log analysis was initiated in areas of dense drilling where extremely close control was available, and was then expanded systematically by running closed traverses of logged sections into less densely drilled areas. Where possible the lithologic interpretation of these sections was veri- fied by studies of cuttings or core descriptions along with stratigraphic sections from nearby outcrops. This method reduces the possibilities of making gross errors in correlation and interpretation. The pattern of lithologic variability was mapped from the electric-log interpretations and was used in the preparation of other geologic, hydrologic, and geochemical maps.
The maps accompanying this report are the principal products of the study, and the discussion is merely an elaboration of the data on the maps. Consequently, frequent reference to the maps is necessary for complete understanding.
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GEOLOGY
The correlations of the Sparta Sand as used in this report are shown in the sections through Texas, Louisiana, Mississippi, and Arkansas (pis. 1, 2). As these correlations are based primarily on electrical characteristics, they may not correspond exactly to formational boundaries that might be established by paleontological evidence, but they do define what may be considered as the Sparta hydraulic system and give a consistent interval for the calculation of sand content of the system.
STRUCTURE
The structure of the Sparta Sand is shown by a contour map (pi. 3) of the base of the formation. As this study is concerned primarily with the regional geology and hydrology, faulting has been ignored except where elevation changes are so great and so abrupt that a fault must exist, as in Bienville and Winn Parishes, La., and in Nevada and Ouachita Counties, Ark.
In south-central and southwestern Arkansas and north-central and northwestern Louisiana, the regional dip is to the east and southeast at 25-50 feet per mile toward and into the Mississippi embayment and the Desha basin. In southeastern Arkansas and northcentral Mississippi the dip is to the south, southwest, and west at about the same rate into these same structures. In south-central Louisiana and southern Mississippi the influence of the gulf coast geosyncline is dominant, and the regional dip is generally to the south at 50-100 feet per mile. In Angelina, Jasper, Newton, Sabine, San Augustine, and Tyler Counties, Tex., the regional dip is to the south and south-southwest at about 100 feet per mile from the Sabine Arch into the gulf coast geosyncline and the east Texas syncline. From Houston County, Tex., southward to Webb County, Tex., the regional dip is to the southeast at 150-200 feet per mile into the gulf coast geosyncline.
The major structural features that developed considerably during Sparta time are the Mississippi embay-ment, Desha basin, Sabine arch, and Jackson dome, and, to a lesser extent, the Monroe uplift and the LaSalle arch. These developments are indicated by the thickening or thinning of the Sparta over these structures. The downwarping of the Mississippi embayment during Sparta and post-Sparta time is shown by the marked steepening of the dip on the basinward flanks of Jackson dome and similar structures. Minor structural features are associated with the Tinsley oil field, Yazoo County, Miss., the Madisonville oil field, Madison County, Tex., and other oil fields and a number of salt domes (pis. 3, 4). Faulting such as is shown on pi. 3 occurred throughout the gulf coast area.
THICKNESS
The thickness of the Sparta Sand generally exceeds 800 feet along and near the axes of the Mississippi embayment and the Desha basin in 'southeastern Arkansas, eastern Louisiana, and western Mississippi (pi. 4). The maximum thickness, 1,100-1,200 feet, occurs in Claiborne and Warren Counties, Miss., and Madison Parish, La. Eastward from the axes of the Mississippi embayment and Desha basin, the Sparta Sand thins rapidly to only 250-300 feet in central and east-central Mississippi and 100-150 feet in southeastern Mississippi. Westward from the axes the thinning is more gradual; the Sparta is 400-600 feet thick in south-central and southwestern Arkansas and central and west-central Louisiana (pi. 4, sheet 1). In eastern Texas the formation generally is 300-500 feet thick, but it thins to 100-200 feet in Fayette and Gonzales Counties and maintains a rather constant thickness of 100-150 feet to the southwestern extremity of the area mapped in Webb County, Tex. (pi. 4, sheet 2).
Local variations in thickness are common and in some places pronounced, as in the Jackson, Miss., area. The more obvious of these variations are associated with localized structural features which were developing during the period of Sparta deposition. Such structures are the Jackson and Tinsley domes of Mississippi, parts of the Monroe uplift in Morehouse and Ouachita Parishes, La., and Sharkey County, Miss., and the Desha basin in Drew and Lincoln Counties, Ark. Variations associated with structural growth are less pronounced over some of the oil-field structures in southern Ouachita, southern Bradley, and northern Union Counties, Ark., and in Madison County, Tex. Additional examples of local variations in thickness can be found by comparing the thickness map of the Sparta Sand with oil and gas maps. Some local variations in thickness of the Sparta result from cut and fill channels at the base of the Sparta that penetrate the upper part of the Cane River Formation, and from differential compaction of shales and clays surrounding massive sand bodies or areas containing a high percentage of sand. Such variations in thickness are generally indiscernible on maps drawn on a regional scale. However, some of the thick elongated areas in Madison, Richland, and Tensas Parishes, La., and Jefferson County, Miss., may result from differential compaction or from downcutting.
LITHOLOGIC VABIATIONS AND INTEBPBETATION OF DEPOSITIONAL ENVIBONMENT
The lithology of the Sparta Sand is highly variable both vertically and laterally. Predominantly sandy sections grade into predominantly shaly sections within very short distances (pis. 1, 2, 4). A good method of creating some order from such variability is to prepare a sand-percentage map on which the ratio of the thickness of sand in the formation to the thickness of the formation is expressed as a percentage; that is: (Spooner, 1926; Huner, 1939) .
Although the Sparta Sand is predominantly of continental origin in the delta area, brief local invasions of the sea repeatedly covered low-lying areas of the land mass, particularly during later Sparta time. These invasions are indicated by the fossiliferous and glauconitic sand and shale beds in the Sparta (Andersen, 1960, p. 87-88; Chawner, 1936, p. 72; DeVries and others, 1963; p. 14; Harvey and others, 1961, tables 7, 8, and 9; Hewitt and others, 1949, p. 11-14; Huner, 1939, p. 83; Jones and Holmes, 1947, p. 14; Maher and Jones, 1945, p. 40-41; Spooner, 1926, p. 236; Wang, 1952, p. 56-58) .
Eegionally, the numerous long meandering areas that contain at least 50 percent sand represent "flow-ways," which remained areas of channel development throughout most of Sparta time. (Compare pis. 4 and 6.) Such an area extends from Drew County, Ark., through western Ashley County, Ark., western Morehouse Parish, La., and southward into western Franklin Parish, La. These areas were the sites of channel formation at different times during the deposition of the Sparta and are similar to the channel-development areas along the present courses of the Ouachita and Mississippi Eivers and other streams (Fisk, 1944, pi. 2) . The associated areas that contain less than 50 percent sand probably represent interchannel swamp, marsh, and lake areas where the finer detritus and vegetal material accumulated. Large water supplies can be developed in the areas that contain at least 50 percent sand.
In areas of sparse drilling, future development of closer control should show a greater degree of lateral variability than is shown by present maps. However, the general pattern of channel deposition will probably remain, and any revisions will be significant only in specific and detailed local studies.
Eegionally, the sand content of the Sparta generally decreases from southern Arkansas, northern Louisiana, and northern and central Mississippi southward toward the margins of the delta (pi. 4). This decrease is probably accompanied by an increase in the occurrence of marine interbeds as the area of marine environment is approached (Bornhauser, 1950 (Bornhauser, , p. 1892 .
Central and southern Texas gulf coast. The channel pattern that is so conspicuous in Arkansas, Louisiana, and Mississippi and less conspicuous in eastern Texas is not apparent in the area from Grimes County to Webb County, Tex. In this area the long axes of the sand-concentration patterns and the sand bodies are parallel to, rather than normal to, the postulated Sparta strand line. Another point of contrast between the two areas is the distance from the outcrop area to the limits of continuous sand deposition, sometimes called the "shale-out" line. If measured normal to the regional dip in Louisiana, the distance generally ranges from 50 to 200 miles; in the area from Grimes County to McMullen County, Tex., the distance generally ranges from 14 to 50 miles. This difference is accounted for not only by differences in degree of regional dip and thickness of the Sparta but also by more extensive sand deposition in the delta area.
The thickness characteristics of the Sparta Sand also differ in the two areas. From Grimes County southwestward the thickness is uniform, but in Arkansas, Louisiana, and Mississippi it is extremely variable. An interpretation of the orientation of the sand bodies parallel to the strand line, the constant thickness of the Sparta interval, and the distance from the outcrop to the "shale-out" line all suggest that the subsurface Sparta sands in the central and southern gulf coast region of Texas are predominantly near-shore bar and beach deposits rather than fluviatile deposits as in outcrop areas in Louisiana (Spooner, 1926, p. 236-237; Huner, 1939, p. 76-82) . This interpretation is supported by Sparta-Stone City relations in Leon County, Tex. (Stenzel and others, 1957, p. 20) , where the nonfossiliferous continental beds of the Sparta interfinger with, and grade upward into, the fossiliferous marine beds of the Stone City of Stenzel (1938) . This suggests that the strand line was near. The interpretation is further supported by Sellards, Adkins, and Plummer's (1932, p. 654 ) description of the Sparta Sand.
MAXIMUM SAND-UNIT THICKNESS
A study of electric logs indicated that a map of the thickness of the thickest vertically continuous sand body for convenience, designated the maximum sandunit thickness (pi. 5) of the Sparta Sand would aid in better understanding the mode of deposition, more accurately locating channel paths, and understanding some of the variations in hydraulic characteristics. In general, the maximum sand-unit thickness map (pi. 6) is similar to the sand-percentage map; thick sand bodies usually occur in areas in which the total percentage of sand is high. However, there are several exceptions where individual units more than 100 feet thick extend into areas where sand percentage values are low (30-40 percent). In some areas the sand concentration may be 50 percent or more and the maximum sand-unit thick-ness may be only 30-50 feet. The maximum sand-unit thickness is a major factor in the evaluation of the potential ground-water supply. (See discussion on permeability and transmissibility.)
Louisiana, Mississippi, southern Arkansas, and eastern Texas. The axes of thickening of the maximum sand units in Arkansas, Louisiana, Mississippi, and eastern Texas (pi. 6, sheet 1) have been plotted to aid in reading the map. These axes also emphasize the interlacing channels that are similar to the meander patterns of present-day streams in areas of heavy alluviation (Fisk, 1944, pi. 2) . Within the channel areas the maximum sand units range from 100 to 350 feet in thickness, but in the interchannel areas they generally range from 10 to 50 feet. Maximum sand units 100 feet or more thick may coalesce or diverge, and as entities they are generally of limited aeral extent, but the effect of overlap gives almost continuous interconnection for fluid flow (pi. 5). These thick sand bodies can be traced for several miles parallel to the channel axes (section D-D'), but normal to this direction they are of limited aeral extent (section C-C'). They may occur at any stratigraphic position in the Sparta, but most are in the lower twothirds of the section.
Central and southern Texas gulf coast. From Grimes County, Tex., southwestward, the axes of thickening of maximum sand units are not long (pi. 6, sheet 2) and are normal to the regional dip. The limited extent and the orientation of the maximum sand units are not conducive to extensive downdip migration of fresh water.
HYDROLOGY
The Sparta Sand is one of the major sources of ground water in southern Arkansas, northern and north-central Louisiana, western and central Mississippi, and eastern Texas as far west as Burleson County. Large quantities of soft water of low dissolved-solids content (pis. 7, 9; table 1) are available from the Sparta throughout much of this area. However, from Burleson County southwestward in Texas the Sparta Sand is of minor importance as an aquifer because it contains fresh water only in a small area, yields are low, and the water is hard and has a high concentration of dissolved solids (pi. 9; table 1).
When considering the Sparta Sand as an aquifer, one must realize that the aquifer system is made up of several imperfectly connected sand bodies, any one of which may act locally, and for short periods of time, as a separate hydraulic unit. Over longer periods of time and larger areas, these units act as an integral part of the unified Sparta hydraulic system and ultimately form an element of the regional hydrologic system of the gulf coast.
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PERMEABILITY i AND TRANSMISSIBILITY 2 IN RELATION TO GEOLOGIC FACTORS
Because of the variable lithologic framework of the Sparta, permeability values differ greatly within small areas. For example, the field coefficient of permeability determined from pumping tests in northeastern Ouachita and southwestern Morehouse Parishes ranges from 130 to 890 gpd per sq ft (gallons per day per square foot) in a distance of about 6 miles. In a number of places the permeability of the same sand bed may vary as much as 200-300 gpd per sq ft within 1 mile.
Notable local variations in transmissibility occur in the Jackson area, Hinds County, Miss., in eastern Winn Parish, La., and in southwestern Ashley County and northwestern Desha County, Ark., where the differences in transmissibility of the total sand thickness of the Sparta Sand are as much as 200,000 gpd per ft (pi. 7).
The relations of permeability and porosity to such factors as grain size, grain shape, arrangement, sorting, and packing were summarized by Meinzer (1923, p. 2-28, 63 ) and Pettijohn (1957, p. 81-89) . Permeability and transmissibility are directly related to the lithologic variations of the Sparta Sand and, thus, are indirectly related to its mode of deposition. The direct relations are major factors in the consideration of the hydraulic cliaracteristics of the formation.
In the channel area of Arkansas, Louisiana, and Mississippi, high coefficients of permeability do not necessarily occur in areas in which the percentage of sand is high. These high coefficients of permeability are usually in areas where the maximum sand-unit thickness is greater than 100 feet. Therefore, the maximum sandunit thickness may be related to the coefficient of permeability of the sand. Coefficients of permeability determined from pumping tests and specific-capacity tests of wells were compared with the thickness of the sand section in which the well was screened. Sufficient data are lacking to reach any firm conclusions, but the comparison strongly indicates that the coefficient of permeability varies directly with the sand thickness. Such a relation is reasonable for sands deposited in channels because the thicker sand units would lie along the lines of persistent flow where velocities would be higher than in the marginal areas. Therefore, the sand in the thicker units would be cleaner, generally better sorted, and 1 The coefficient of permeability is defined as the rate of flow of water, in gallons per day, through a cross-sectional area of the aquifer 1 foot square under a hydraulic gradient of 100 percent, or 1 foot per foot, at a temperature of 60°F (Meinzer and Wenzel. 1942, p. 452) .
* Transmissibility of an aquifer is expressed (Bredehoeft, 1964, p. D168) as:
where i=l, 2, 3 ... n layers of differing permeability, T= transmissibility, Ki= permeability of the i layer, A/,=thickness of the i layer.
A6 GEOIIYDROLOGY OF THE CLAIBORN GROUP
Sand thickness (ft) somewhat coarser than that in the thinner units along the margins of the channel. The correlation between permeability and maximum sand-unit thickness is sufficiently good to warrant the use of different average permeabilities for sand bodies of different thicknesses in calculating transmissibility, rather than an overall average of the coefficients of permeability. Fifty-foot categories of sand-unit thickness were selected; the average coefficient of permeability for each category is as follows : These coefficients of permeability were then used to calculate the transmissibility of the total sand thickness of the Sparta sands. The thickness of sand within each of the 50-foot categories was multiplied by the appropriate average coefficient of permeability, and the products were added to obtain the transmissibility of the total sand thickness at each location. The results were then used to prepare a map showing the transmissibility of the Sparta Sand in the channel sand area of Arkansas, Louisiana, and Mississippi (pi. 1} .
The use of the different average coefficients of permeability for different thicknesses of sands seems to give a more realistic coefficient of transmissibility than the use of an overall average value. A simple example will illustrate the differences that may occur in using the two approaches. Assume that we have a total sand thickness of 300 feet, composed of 2 sand units 150 feet thick near well A and 10 sand units 30 feet thick near well B. using the variable permeability values we get a transmissibility value of 135,000 gpd per ft. (150X450X2) near well A and a transmissibility of 67,500 gpd per ft. (30X225X10) near well B. If an overall average is used, the same transmissibility value is obtained for both wells A and B. The latter approach not ony disagrees with the results from pumping tests but also with certain chemical data. (See section on quality of water.)
The close relation between channel sand thickness and higher transmissibility values is illustrated by comparing plates 6 and 1. Certain minor deviations of maximum transmissibility and maximum sand-unit thickness occur because of inherent properties of the maximum sand-unit thickness map. Only the value for the thickest sand unit in any given section is shown on the maximum sand-unit thickness map (pi. 6). This value may be satisfactory for calculating transmissibility where only one massive sand unit occurs, but frequently several massive sand units of equal or nearly equal thickness are present in the section (pi. 5). This obviously causes differences in the transmissibility and maximum sand-unit thickness maps (pis. 6 and 7).
The foregoing discussion of the relation between sand-unit thickness and the coefficients of permeability and transmissibility in stream-channel deposits does not apply to offshore bars, beach bars, and dune sands, where the agents and mechanics of deposition are different. Southwest from Buiieson County, Tex., much of the Sparta Sand appears to be of the offshore bar or beach-bar type, but sufficient hydrologic data are lacking for the determination of the relation of the thickness of the beds of sand to coefficients of permeabiilty and transmissibility.
RECHARGE AND DISCHARGE
The Sparta Sand is recharged by direct infiltration in the outcrop area and by leakage from alluvium and from other aquifers with higher heads.
The rainfall is high in Louisiana, Mississippi, and southern Arkansas, and the contribution of water to the Sparta aquifer by direct seepage from streams is therefore negligible because most of the streams serve as drains for ground-water discharge. In Texas, where rainfall is relatively low, the infiltration of water from streams may be appreciable.
Discharge from the Sparta Sand occurs by withdrawal from wells and by natural discharge. The effects of large withdrawals from wells are evident in the Hodge-Jonesboro area, Louisiana, in Jackson, Miss., in El Dorado, Ark., and near Monroe, La. (pi. 8). Natural discharge takes place primarily by leakage from the Sparta Sand through the overlying and underlying confining beds.
REGIONAL FLOW
In a formation having the geologic framework of the Sparta Sand, alternating sand and shale bodies that have an appreciable regional dip, the bulk of the ground water available even in the outcrop area, is confined above and below by relatively impermeable beds.
The flow of water ia an artesian aquifer occurs because of the difference in head. In Texas, along the south flank of the Sabine uplift in Louisiana, and in southeastern Mississippi, the direction of flow is generally down the regional dip toward the gulf coast geosyncline. In most of Arkansas, Louisiana, and Mississippi, the major focus of discharge is the Mississippi River alluvial valley. The regional direction of flow is inferred from the water-level contours (pi. 8), the general increase in dissolved-solids content, and the limits of fresh water downdip in the aquifer (pis. 8, 9, 10; fig. 2 ).
The relation of recharge, discharge, and regional flow to the geology and to the piezometric surfaces is shown in figure 2, which is a generalized section from Bienville Parish, La., to Jasper County, Miss.
In the area shown in figure 2 , water from precipitation that falls on the upland areas of the Cockfield and Sparta enters these formations either directly or by downward percolation through surficial material. Within short distances after entering these formations, the water is in an artesian system, as it is confined above and below either by the interbedded shales of the Cockfield and Sparta Formations themselves or by the clays and shales of the associated Cane River and Cook Mountain Formations and Vicksburg and Jackson groups. In the recharge area the piezometric surface in the Cockfield is higher than the piezometric surface in the Sparta. The Cockfield Formation, however, is more accessible to the regional discharge area in the valley; consequently, the piezometric surface in the Cockfield is more steeply inclined than that in the Sparta. Near the discharge area the relative positions of the two piezometric surfaces are reversed. Furthermore, the recharge areas of the Cockfield and Sparta Formations in Mississippi are considerably higher than those in Louisiana; thus, the piezometric surface is generally higher on the east side of the alluvial valley than on the west. Another major factor affecting the regional movement of water in the Cockfield and Sparta Formations is the westward offset of the alluvial valley relative to the structural axis of the Mississippi embayment. Because of this offset and the effects of the Monroe uplift, the depth to the Cockfield and Sparta aquifers in the area of discharge in eastern Louisiana is much less than that in western Mississippi. With these factors in mind, a reasonable interpretation of the flow pattern in the systems can be made. (See directional arrows in figure 2.) Normally, water moves downdip in the formations, but where the elevation of the water levels in the Cockfield is different from that in the Sparta, the water moves vertically and causes a generalized regional flow pattern as shown in figure 2. The regional flow pattern is similar to that diagrammed and discussed by Le Grand (1964, fig. 4 , p. 185). The areas of recharge for the Sparta are between the base of the formation in the outcrop areas and the points of intersection of the Sparta and Cockfield piezometric surfaces on both sides of the Mississippi alluvial valley. (See fig. 2 .) The principal area of natural discharge is between the two points of intersection.
Together, the flow components produce a markedly asymmetrical flow pattern that contrasts with the symmetrical structural pattern of the Mississippi embayment. The zone of flushing extends to a much greater depth on the east flank of the embayment than on the west flank. (See pi. 8, fig. 2 , and section on quality of water.) The saline-water core, 10,000 ppm (parts per million) dissolved solids, perches on the western limb of the Mississippi embayment. Thus, an updip compo- fig. 2 .) This hydraulic system has probably existed since postOligocene or pre-Pleistocene time. Repeated fluctuations in sea level accompanied by periods of stream degradation and aggradation and consequent changes in water levels have probably occurred since Sparta time. However, the timespan since the inception of the system is so long that these fluctuations of relatively short duration have left no recognizable marks on the regional pattern. Local effects of pumping on this regional flow pattern have been negligible.
In the channel-sand area of Arkansas, Louisiana, and Mississippi, the rate of flow varies with the lithology. In the high-shale-content areas, the sands form a disconnected or imperfectly connected system where the flow is retarded by an intervening series of shale or silt beds of low permeability. Where the section is predominantly sand, particularly in the channels where massive overlapping sands occur (pi. 5), the slight to moderate reduction in the premeability of the intervening beds does not affect the rate of water movement as much as in the areas where the sand bodies are completely enclosed by shales. Another major factor affecting the regional flow is the orientation of the channel sands with respect to the direction of regional flow. For example, in Claiborne, Union, Morehouse, and Ouachita Parishes, La., channels are oriented in two dominant directions. One trends east-northeast and virtually parallels the direction of regional flow. The other trends north and is nearly normal to the direction of regional flow. (Compare pis. 4,6,7, and 8.) In the east-northeasttrending channels the water moves from the recharge area to the discharge area with little restriction by shale or silt barriers, but in the north-trending channels the flow of the water is impeded by the rather extensive shaly areas that lie across the direction of regional water movement. The differences in rate of movement have had, over the period of time involved, a pronounced influence on the degree of flushing, as can be seen by comparing the map of dissolved-solids content (pi. 9) with the map showing the maximum sand-unit thickness and transmissibility (pis. 6, 7). The dissolved-solids content in the channels parallel to flow is appreciably lower than that in the channels normal to flow. In both channel areas the dissolved-solids content is lower than in the adjacent shaly interchannel areas. Similar examples of different degrees of flushing occur throughout the area, particularly in Hinds and Warren Counties, Miss., Union County, Ark., and Houston and Walker Counties, Tex.
The regional flow in the bar-sand area of Texas (pis. 4, 0) is down the dip of the Sparta Sand and is normal to the orientation of the sand beds; therefore, the flow is retarded by the shaly beds. In addition, there is no focal line of discharge similar to the Mississippi alluvial valley. Discharge occurs by slow upward leakage through a thick section of Cook Mountain clays and shales and, in places, a shaly Cockfield section. The results of a study of water levels in Wilson County, Tex. (Anders, 1957, table 6) , indicate that the piezometric surface in the Sparta a short distance downdip from the outcrop is higher than that in the overlying Cook Mountain and Cockfield, which indicates that upward leakage from the Sparta starts within very short distances from the outcrop area. Downdip movement is limited by the rapid pinchout of permeable beds of any appreciable thickness (pis. 4, 6). As a result of these factors, downdip flushing of the sands by fresh water has been extremely limited.
Other major factors need further study. Among these are the relations of the lithology of the overlying Cook Mountain and Cockfield Formations to that of the Sparta, the thickness of the Cook Mountain and Cockfield, and the differences in head between the Sparta and the Cockfield. These factors are of particular significance in the area of natural discharge because any factor that increases the discharge will accelerate the movement of water from the recharge area where there is ample supply to counterbalance the loss by discharge. To illustrate the significance of what is implied, let us assume that a predominantly sandy section of the Cook Mountain and Cockfield Formations overlies one of the favorably oriented high-transmissibility channels of the Sparta Sand in the area of discharge into the alluvial valley of the Mississippi River. In such a system an effective conduit would be formed from the area of recharge to the area of discharge. This conduit would allow for an accelerated rate of discharge and a consequent accelerated rate of movement of water, which would result in a more thorough flushing of the Sparta along this flow path than elsewhere in the aquifer.
CHEMICAL QUALITY OF WATER AND RELATIONS TO GEOLOGIC AND HYDROLOGIC FACTORS
The relations of the regional chemical variations of water in the Sparta Sand to geologic and hydrologic factors has been analyzed through the use of available chemical analyses. These data were supplemented by calculations of dissolved-solids content from electric logs to interpret the major regional chemical characteristics of the water.
As a prelude to any discussion of water quality, one must realize that the analyses represent only water from the zone sampled and are not necessarily indicative of the water chemistry in other zones of the Sparta aquifer system. Therefore, in the marginal areas of any particular water province, waters of different types would probably be found in the several sand units that make up the Sparta system. This occurs in the Monroe, La., area, where waters from different sands in the same well have been analyzed (fig. 3) Only the major constituents of the dissolved solids in water from the Sparta (table 1) are considered in this report. Regionally, sodium is the dominant cation. Calcium and magnesium occur in appreciable amounts only in very small areas. The anions, on the other hand, occur in rather well defined provinces. As suggested by Hem (1959, p. 155-156) , the following chemical ratios were studied in terms of equivalent parts per million: sulfate: chloride + bicarbonate; bicarbonate: chloride + sulfate; chloride: bicarbonate+sulf ate. The resulting values were plotted on a map (pi. 9). Examination of these data showed that the waters of the Sparta can be grouped into three rather well defined chemical provinces a bicarbonate water province, a chloride water province, and a sulfate water province on the basis of the relations between the anions.
Bicarbonate water province. This province is that area where bicarbonate : chloride + sulfate ^ 1. It covers central and western Louisiana, all but the southeastern part of southern Arkansas, virtually all of Mississippi, and small areas in the updip part of the Sparta in Texas. In the downdip areas, the sands of the Sparta may contain mixed bicarbonate-chloride waters having varying percentages of these anions ( fig.  3) . Updip from the bacarbonate water-chloride water boundary, toward the recharge area, the bicarbonate anion becomes more and more predominant until it is virtually the only anion present. This is illustrated by a comparison of the analyses for wells LMo-2, LOu-2, LOu-1, LL-1, LL-3, LL-2, MW-1, MW-2, MH-1, and MK-1 (table 1 and pi. 9).
The bicarbonate distribution seems to be a function of rate of water movement and of time. That is, the greater the degree of flushing the greater the proportion of bicarbonate. This relation is indicated by the position of the line where bicarbonate : chloride + sulfate = I relative to the limits of fresh water as delineated by the 1,000-ppm minimum-dissolved-solids line on plate 9. The boundary of the bicarbonate water province is, in general, considerably updip from the limit-of-freshwater line in Louisiana, but in Mississippi the bicarbonate line is generally downdip from, or coincides with, the limit-of-fresh-water line. The relative positions of the bicarbonate and limit-of-fresh-water lines in Louisiana and Mississippi coincide with differences in head in the two States as reflected by the slopes of the piezometric surfaces (pi. 8, fig. 2 ). The water level in Mississippi is 100-150 feet higher in the recharge area than the water level in a corresponding position in Louisiana. Thus, the steeper hydraulic gradient in Mississippi, aided by the more favorable orientation of many of the high-transmissibility channel areas in relation to the direction of flow, has increased the degree of flushing on the east side of the valley. (See pis. 6,7,10.)
Chloride water province. This province is that area where chloride : bicarbonate + sulfate 1. In Texas it includes all of the Sparta Sand except for limited areas in, and short distances downdip from, the outcrop (pi. 9). In Louisiana it is generally confined to the downdip area of the Sparta and to the saline-water tongue, which generally coincides with the area overlain by the Mississippi valley alluvium in eastern Louisiana and southeastern Arkansas. The chloride type waters generally represent areas of discharge where the dominant component of flow in the Sparta is upward (pi. 2, fig. 2 ), and they therefore lie beyond the limits of extensive flushing by fresh water. (See pis. 8, 9, 10.)
Sulfate loater province. Southwestward from Burleson County, Tex., along the Sparta trend to Webb County, sulfate may constitute up to 50 percent or more of the total anion content of the waters (table 1, well TWn-4). The ratio value arbitrarily chosen for definition of this province is 0.25 (sulfate : chloride + bicarbonate ^ 0.25). The sulfate water province lies along, and slightly downdip from, the outcrop area of the Sparta (pi. 9). It coincides closely with an area in which the formations overlying and underlying the Sparta Sand contain gypsum and gypsiferous clays (Alexander and others, 1964, p. 34-35 and 43^6) . The sulfate content can probably be attributed to the solution of gypsum by waters passing through these gypsiferous formations and the soils derived from them. The dispersion of these salts downdip in the Sparta would be relatively slow because the regional downdip rate of flow is very slow.
DISSOLVED SOLIDS
The dissolved-solids content of water is one of the most effective chemical tools that can be used to understand the relations of water movement, variations of chemical quality, and the influence of geologic factors on water movement. The relation of the dissolved-solids content to the specific conductance of water from the Sparta Sand is remarkably constant (fig. 4) , even in the higher ranges of concentration (^ 3,000 ppm). Because of this relation, electric logs can be used to compute dissolved-solids content. The electric logs provide extensive regional control for computing dissolvedsolids contents in formational waters.
A satisfactory method of computing the dissolvedsolids content of water from the long-normal curve of FIGURE 4. Relation of specific conductance to dissolved-solids content in waters from the Sparta Sand in Arkansas, Louisiana, Mississippi, and Texas.
electric logs was described by Turcan (I960) .3 This method was used to calculate the dissolved-solids content of the water in the Sparta. The values thus obtained, along with data from available chemical analyses, were used to construct the dissolved-solids map (pi. 9).4 To avoid errors introduced by electrode spacing, calculations were not made for sands less than 15 feet thick. No values are shown for waters containing less than 200 ppm or more than 10,000 ppm dissolved solids.
* Contour intervals of 500, 1,000, 3,000, and 10,000 ppm are used on the dissolved-solids map. These intervals were chosen on the bases of the standards proposed by the U.S. Health Service (1962, p. 7-8) and the salinity classification given by Winslow (1956, p. 5) . Ar k a n s a s . . . . Ar k a n s a s _ . In much of Texas the Sparta aquifer is composed of one continuous sand unit that is 20 feet or more thick; therefore, only the average dissolved-solids content was mapped, and no minimum or maximum dissolved-solids content contours are shown (pi. 9).
In Arkansas, Louisiana, and Mississippi the Sparta is a multi-unit aquifer in which there are usually several sand units, each 20 feet or more thick, that have different dissolved-solids contents ( fig. 3) . Therefore, in this area three sets of calculations are used to show the range of variation in dissolved-solids content that might be anticipated in the various sands in the Sparta aquifer. These are (1) the minimum dissolved-solids content, which represents the water having the lowest dissolved-solids content in the entire vertical section; (2) the maximum dissolved-solids content, which represents the water having the highest dissolved-solids content; and (3) the average dissolved-solids content, which is an average value weighted proportionately for the thickness of each unit in the section.5 That the determinations of dissolved solids from the electric logs are well within the limits of reasonable accuracy is demonstrated by the close agreement between the values computed from the logs and the dissolved-solids content as determined by chemicals analyses.
The calculation of dissolved-solids content from electric logs provides close control for one of the principal chemical characteristics of water. Therefore, the influence of various geologic and hydrologic factors on water chemistry can be more accurately determined. The effects of channel development and regional flow on the dissolved-solids content have been discussed in the section on regional flow, but they should be reemphasized to point out the pronounced deflection of lower dissolved-solids contours along channel paths, particularly those oriented favorably with respect to regional flow. (See pis. 4, 6, 7, 8, 9 .) The relations of dissolved-solids-content values to channel and interchannel deposits support the use of variable coefficients of permeability (see discussion of permeability and transmissibility) insofar as the relations reflect the ease or difficulty of flushing.
EXTENT OF FLUSHING OF THE SPARTA SAND
The thickness of sand containing fresh water in the Sparta and its percentage of the total sand thickness of the Sparta is shown on plate 10. In a sense this map « For example, if the Sparta sand section has three sand units whose thicknesses are 20, 30, and 50 feet and whose respective dissolved-solids contents are 200, 250, and 300 ppm, the weighted average dissolved-solids content T20X200) + (30X250) + (50X300) 26,500 100 (sum of thickness) 100 =265 ppm.
summarizes the information shown on several of the other maps, for it shows that the more permeable channels aid the movement of ground water when oriented in the direction of regional flow, and that the shaly areas or areas of low transmissibility impede the flow (pis. 4, 6, 7, 9) . The map also emphasizes the more thorough flushing of the formation on the east, or Mississippi, side of the salt-water tongue. This flushing apparently results from the high rates of ground-water movement in this area. (See pi. 8 and fig. 2 .) The map also shows the extension of the salt-water tongue through Ashley County, Ark. This extension may at first appear anomalous, but when the orientation of this tongue is compared with the change in direction of flow as indicated by the piezometric surface (pi. 8) in northern Louisiana and southern Arkansas, the extension is seen to be a small part of the system that has maintained the saltwater area along the Mississippi River Valley. (See pis. 2 and 8, and fig. 2 .) CONCLUSIONS 1. The principal geologic factor affecting the hydrology of the Sparta Sand is the mode of deposition. The depositional environment controls the distribution of permeability in the system. 2. One of the major controls of the regional flow pattern is the Mississippi River alluvial valley, as it is the focus of discharge in the area in which the Sparta Sand is the principal aquifer.
3. In the channel sands the sand-unit thickness is apparently related to the permeability. The permeability usually increases with an increase in sand-unit thickness.
4. The rate of water movement is related to the lithology of the formation in the channel-sand areas. The chemical evidence suggests that the rates of ground-water movement are higher along continuous channels than in the interchannel areas.
5. The dissolved-solids content of water is one of the most effective chemical tools that can be used to understand the relations of water movement and variations of chemical quality to geologic factors. It can be reliably determined from electric logs, and it thus provides extensive data on a major chemical characteristic of water.
6. Geologic, hydrologic, and geochemical maps of a region can be of great help in the ultimate quantitative evaluation and description of any aquifer system. 7. Maps showing sand percentage, maximum sandunit thickness, and estimated transmissibility aid in the search for, and evaluation of, large supplies of ground water.
